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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Scope

part of ISO 8791 specifies a method for the determination of the roughness lof papel
b the Bendtsen apparatus.

part of ISO 8791 is applicable to paper and board which have Bendtsentoughness valy
t 5 ml/min and 3 000 ml/min when measured with variable-area type testers and bet
1l/min and 5 000 ml/min when measured with electronic type ‘testers. It is not suitg
rs which allow the land to make a significant impression on theysurface or for high-air
rs which allow a significant flow of air to pass through the‘sheet, or for papers which

Normative references

following documents, in whole or in part, are normatively referenced in this docum
pensable for its application. For dated references, only the edition cited applies. H
ences, the latest edition of the referenceddocument (including any amendments) appli

|86, Paper and board — Sampling to determine average quality

187, Paper, board and pulps — Standard atmosphere for conditioning and testing and p
toring the atmosphere and conditioning of samples

Terms and definitions

he purposes of this:-document, the following terms and definitions apply.

itsen roughmness

asure of the rate at which air will pass between a flat circular land and a sheet of pap
h tested under specified conditions and at operating pressure

Note

r and board

es between
ween about
ble for soft
L permeance
will not lie

ent and are
or undated
bS.

rocedure for

er or board

11te entry: Bendtsen roughness is expressed in millilitres per minute.

4 Principle

Clamping a test piece between a flat plate and a circular metal land. Supplying air at a nominal pressure
of 1,47 kPa to the space enclosed inside the land and measuring the rate of air flow between the land
and the test piece.
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https://standardsiso.com/api/?name=7564cadad3fda7eb8e519e8fb5beb23a

ISO 8791-2:2013(E)

5 Apparatus

5.1 Bendtsen tester (two types)

Bendtsen tester, which operates according to one of the following principles of measurement of air flow rate:
— variable-area flowmeter type (see 5.2).

— electronic flowmeter type (see 5.3).

For variable-area flowmeter type testers, the pressure between the flowmeter and the measuring head
is known tofdecrease at high air 1low rates (see 10.2.Z) which can reduce the accuracy ot the rlowmnjeter
reading. Foy electronic flowmeter type testers, the pressure between the flowmeter and the meas{jring
head is autgmatically controlled.

5.2 Varigble-area flowmeter type

A standard |pressure difference is created across the measuring land and the air flew rate is measpired
on a variable-area flowmeter. The apparatus, see Figure 1, consists of a compresSor (5.2.1) and pressure
stabilizing feservoir (5.2.2) to supply air, a flowmeter (5.2.4) with a pressure‘centrolling device (5.2.3),

and a measyring head (5.2.5).

Annex A gives details of care and maintenance of this type of Bendtseh tester.

3

Key

1 compregsor

2 pressurg stabilizing reServoir
3  pressurg controlling'device
4  flowmeter

5 measuripg head

Figure 1 — Circuit diagram of variable-area flowmeter type test apparatus

5.2.1 Compressor, capable of generating air at a pressure of about 127 kPa. If necessary, filters shall be
provided to ensure that the air is clean and free from oil.

NOTE It is advisable to have the compressor located in a laboratory having the standard atmosphere for
conditioning and testing.

5.2.2 Pressure stabilizing reservoir, having a volume of not less than 10 litres, installed between the
compressor and the pressure controlling device.

2 © IS0 2013 - All rights reserved
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5.2.3 Pressure controlling device to control the air pressure at the inlet of the flowmeter. This shall
comprise a manostat weight, a pressure regulator or some means of creating a steady nominal air pressure
of (1,47 * 0,02) kPa measured at the manostat.

NOTE Most Bendtsen apparatus are provided with three interchangeable manostat weights but only the
1,47 kPa manostat meets the requirement of this part of ISO 8791.

5.2.4 Flowmeter. The flow rate shall be measured by variable-area flowmeters which offer optional
flow rate measurements in the ranges 5 ml/min to 150 ml/min, 50 ml/min to 500 ml/min and, on some
instruments, 300 ml/min to 3 000 ml/min. These three variable-area flowmeters shall be capable of being
read to within 2 ml/min, 5 ml/min and 20 ml/min respectively. The variable area flowmeter may be replaced

by apother kind of air flowmeter having a measuring range suitable for the material measured
the gir flow to be determined with an error of less than * 5 ml/min or * 5 % whichever is-grea

One|capillary tube shall be provided for verifying the calibration of each variablefarea flov
capillary tubes shall be within the working range of the relevant flowmeter ahd shall the
accufrately calibrated against a reliable standard (e.g. a soap-bubble meter)under the sar
diffdrence as that in the measuring head (Annex B gives details of the calibration of capillar
varigible-area flowmeters).

, and with a mass of 267 g + 2 g. The tubing used to connect the head to the flowmete

rubler or plastic, 5 mm internal diameter and not more than.700 mm long.

NOT
meaf

£ 1 A longer length of tubing will result in a significant pressure drop between the flowm
uring head.

£ 2 Onmostcommercial instruments the valuéat the outlet of the flowmeter has two outlets. F
urement the tubing is connected to the smaller diameter outlet.

NOT
meaf

Becduse the measuring head shall be placed on the test piece in such a manner as to avoid any
of the surface, it is advisable to providel@mechanical device to lower and raise the head.!)

5.2.¢ Flat plate, polished flatyplate, preferably glass used to check for air leaks and upo
test piece is placed for testing!The leakage between the measuring head land and the flat pl
excepd 5 ml/min.

4
b flat around the measuring head.

5.2.]
piec
5.3

A st
on a

Electrenic flowmeter type

indard pressure difference is created across the measuring land and the air flow rate i

that allows
Fer.

vmeter. The
mselves be
he pressure
ly tubes and

bn-resistant
+ 0,002 mm
r shall be of

eter and the

br roughness

indentation

n which the
hte shall not

Heavy metalweight, heavy metal annulus, or other suitably shaped weight, for keeping the test

s measured
bply system

In“€lectronic flowmeter. The apparatus, see Figure 2, consists of a compressed air su

(5.3.1), a pressure regulator (5.3.2), an electronic flowmeter (5.3.3) with a pressure controlling device

(5.3.4), and a measuring head (5.3.5).

1) A suitable device is described by Zubryn, E. And Hook, G.L. in Appita 23(4): 279-290 (January 1970).
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Figure 2 — Circuit diagram of electronic flowmeter type test apparatus

5.3.1 Compressed air supply system, capable of generating air at a pressure of about 127 kPa. If

necessary, f

NOTE It
conditioning
5.3.2 Pre

Iters shall be provided to ensure that the air is clean and free from oil.

is advisable to\have the compressor located in a laboratory having the standard atmospher
and testing.

ksure regulator, or other means of creating a steady nominal air pressure of 1,47 + 0,02

e for

kPa.

w to

5.3.4 Differential air pressure meter, that allows the differential air pressure over the test piece to be

determined

with an error of less than 3 % of the actual pressure.

5.3.5 Measuring head, consisting of an enclosed metal land preferably corrosion-resistant with an
optically flat lower surface of 31,5 mm #* 0,2 mm internal diameter and 0,150 mm * 0,002 mm width, and
with a mass of 267 g+ 2 g.

5.3.6 Flat plate, polished flat plate, preferably glass used to check for air leaks and upon which the
test piece is placed for testing. The leakage between the measuring head land and the flat plate shall not

exceed 5 ml

4

/min.

© ISO 2013 - All rights reserved
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5.3.7 Heavy metal weight, heavy metal annulus, or other suitably shaped weight, for keeping the test
piece flat around the measuring head

6 Sampling

If the tests are being made to evaluate a lot, the sample shall be selected in accordance with ISO 186. If
the tests are made on another type of sample, make sure that the specimens taken are representative of
the sample received.

7 Condition

Samples shall be conditioned in accordance with ISO 187.

8 Preparation of test pieces

Cut pt least 10 test pieces for each side to be tested. The minimum size ©of each test pi¢ce shall be
75 mm x 75 mm and its surfaces shall be identified, e.g. top side and wire.side.

The test area shall be free from folds, wrinkles, holes, watermarks er defects normally notlinherent in
the paper or board. Do not handle that part of the test piece which will become part of the test area.

9 [alibration and verification

9.1 | Variable-area flowmeter type tester

Calibprate the instrument as described in 10.2.4:anid Annex B.

9.2 | Electronic flowmeter type tester

Calibrate the instrument as described in Annex B.2 (as well as according to the instructions of the
manpufacturer).

10 Procedure

10.1 Test atmosphere

Carrly out the testing under the same atmospheric conditions as those used to condition the| test pieces.
Test|each sid€ of the test pieces separately.

10.2 Determination using variable-area flowmeter type tester

10.2.1 Place the instrument on a rigid level bench. Level the instrument, ensure that no vibration can
cause erroneous readings, and turn on the air supply.

10.2.2 Decide which variable-area flowmeter will be used for the test, selecting, where possible, the
variable-area flowmeter which will give a reading in the upper 80 % of the range with the 1,47 kPa
manostat weight. Do not use air flows above 1 200 ml/min because at high air flows the pressure drop
between the flowmeter and the measuring head can be sufficient to render the calibration of the variable-
area flowmeter invalid.

Set the valves at the bottom of the variable-area flowmeters so that air flows through the selected
variable-area flowmeter. When the air flow has started, gently place the 1,47 kPa manostat weight on
the shaft and start it spinning. It should continue to spin smoothly.

© IS0 2013 - All rights reserved 5
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The manostat weight shall not be placed on the shaft until after the air flow has started and shall be
removed before the air flow is stopped.

10.2.3 Set the valve at the outlet of the flowmeter so that air flows through the smaller (lower) outlet.

10.2.4 Verify the calibration of the variable-area flowmeter by temporarily replacing the measuring head
with the appropriate capillary tube. The air flow reading should agree with the correct reading for that
capillary tube to within + 5 %.

10.2.5 With the head connected to the flowmeter, lower the land on to the flat plate (5.2.6) and ensure

that the floaft comes to rest at the bottom of the flowmeter. If not, check the system for air leaks as desct]

in Annex A,

10.2.6 Plac
measuring

impression
to hold it dd
with the reg
10.2.7 Rep

10.2.8 Aftd
10.3 Dete

10.3.1 Plac

Clause A.1.

e the test piece on the flat plate, with the side to be tested uppermost. Gently lowel
head on to the test piece, taking particular care to ensure that the land dees not mak
on the surface of the test piece. If the test piece will not lie flat, use the metal annulus (5
wn. Record the flowmeter reading at the top of the float at least 5 s after’lowering the |
ding accuracy indicated in 5.2.4.

eat 10.2.6 for the remaining test pieces for each side to be tested:
r completing the tests, remove the manostat weight and.then turn off the air supply.
rmination using electronic flowmeter type-tester

e the instrument on a rigid level bench. Levél the instrument, ensure that no vibration

cause erronfeous readings, and turn on the air supply.

10.3.2 Low
exceed 5 m

10.3.3 Plac
according t
metal annul
accuracy in

10.3.4 Rep

10.3.5 Afte

rer the land on to the flat plate (5.3.6) and check that the flowmeter reading doeg
/min.

e the test piece on the flatplate, with the side to be tested uppermost and perform the
b the instructions of thé instrument manufacturer. If the test piece will not lie flat, usq
us (5.3.7) to hold it down. Record the flowmeter reading of the instrument, with the rea
licated in 5.3.3.

eat 10.3.3 fof the remaining test pieces for each side to be tested.

r completing the tests, turn off the air supply.

ibed

the
e an
12.7)
ead,

can

not

test
e the
ding

11 Expre

citon-ofroaculic
Py e

JIIVII Ul 1 Lol

11.1 For each side tested, calculate and report the mean of the air flow readings, in ml/min, to three
significant figures.

11.2 Foreach side tested, calculate the standard deviation or coefficient of variation to two significant figures
for values less than 10 ml/min and to the nearest whole number for values equal to or greater than 10 ml/min.

12 Testreport

The test report shall include the following information:

a)

6

areference to this part of ISO 8791;

© ISO 2013 - All rights reserved
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b) date and place of testing;

c) all the information necessary for complete identification of the sample;
d) the type of instrument used;

e) the conditioning atmosphere used;

f) the number of test pieces tested;

g) the pressure difference used, in kilopascals;

h) fhe flowmeter range used;
i) the mean Bendtsen roughness, in ml/min, as calculated in 11.1;

j)  the standard deviation or coefficient of variation, as calculated in 11.2;

k) hny deviations from the procedure described in this part of ISO 8791, that may have influenced the
Fesults.

© IS0 2013 - All rights reserved 7
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Annex A
(normative)

Care and maintenance of variable-area flowmeter-type

Bendtsen testers

A.1 Ched

Check for a
5 ml/min ta
check the ¢
tubing and

A.2 Man

Care shallb
not be placg

Check that {

Disconnect
attached in
that the pre
Tables A.1 3

king for air leaks

r leaks by testing the circular land against the flat plate as described in 10.2.5,using
150 ml/min flowmeter. If the rotor does not remain at rest at the bottom of the flowm|
late and the land surfaces for damage and imperfections, and check thé)condition o
fhe connections.

pstat weight

e taken when handling the manostat weight to avoid damage'to the rim. In particular, it
d on the shaft until the air flow has been started and shallybe' removed before it has stop

he axial hole through the weight is clean.

the measuring head and attach to that end of thetube a T-piece with a suitable capillary
the “straight-through” position and a water manometer attached to the side position. C
ssure at this point is within 5 % of the desizéd manometer reading when the air flow is
nd A.2, and also as in the fourth last paragraph of this Clause.

Table A.1 — 5 ml/min to 150'ml/min variable-area flowmeter

150
148

10
152

100
150

Air flow (ml/min)

Desired manometer reading (mm)

Table A.2°= 50 ml/min to 500 ml/min variable-area flowmeter

500
146

50
152

100
151

300
149

Air flow (ml/min)

Desiredmanometer reading (mm)

o

r the

eter,
the

shall
ped.

tube
heck
s in

300 ml/min to 3 000 ml/min variable-area flowmeter

Desired manometer reading (mm): 150 * 10 at all flow rates up to 1 200 ml/min. Do not use air flows
above 1 200 ml/min, see 10.2.2.

To ensure that the pressure drop between this point and the test piece is not significant, the connecting
tube to the head shall be 5 mm in internal diameter and not more than 700 mm long.

The manostat weights shall not be lubricated.

© ISO 2013 - All rights res
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Check that the floats spin freely in the variable-area flowmeter tubes. Although a float which does not
spin well may give stable readings, a spinning float has a self-cleaning action and is less likely to give
errors by sticking to the walls of the tubes. Check the condition of the flutes as this mainly determines
whether it will spin properly, especially at low flow rates. Other factors important for good spinning are
mechanical symmetry and condition of the top rim.

If a float becomes wedged in the spring at the bottom or top of a variable-area flowmeter tube, tap the
instrument lightly while passing air through the tube. If this fails to free the float, loosen the bottom and
top bushings around the tubes with a special spanner, take off the metal block at the top of the variable-

area
of th
flow]

A4

Ifay
clea
is uy
solu
dry

Repl

A5

flowmeter and remove the tube. A recurrence of sticking can be prevented by adjustin
e springs. The bottom spring should terminate in a horizontal loop centred in the v:
meter. The top spring should terminate in a vertical loop centred in the variablesarea fl

Cleaning variable-area flowmeters

ariable-area flowmeter tube or float is dirty, giving high readings, nemove the float frd
1 both with liquid detergent or a suitable solvent, then dry in the-air stream. If liqui

fion (a volume fraction of about 10 %) to clean the float. Finally, rinse both with distille
n an air stream.

ace faulty tubes.

Air tubes

Tubing should be regularly inspected for signs.ef deterioration and replaced if necessary
shoyld be replaced at least once a year, whether or not it appears defective.

A.6

Capillary tubes

Capillary tubes can become dirtyrather easily and, therefore, should be inspected regularly a
withl a magnifying glass and, if nécessary, cleaned in accordance with the procedure in Clay|

g the shape
iriable-area
owmeter.

m the tube,
d detergent

ed, add to the tube, flush with water, reversing the flow sevefal times, and use diluﬂled aqueous

water, and

. All tubing

hd carefully
se A.4.
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Annex B
(normative)

Calibration of capillary tubes and variable-area and electronic

flowmeters

B.1 Chec

Flowmeter
differs by nj
a) Checkt
area fld
b) Ifboth
if neceg
c) Ifboth
the plaj
d) If the ty
variabl
e)
and ref
B.2 Chec

B.2.1 General

Variable-ar
Figure B.1 g

NOTE 0
described in

This proce

(Figure B.1
suitable att

From the results of d), determine whether the variable-area flowmeter or capillary tube is at

lther calibration procédures are permitted provided they are at least as accurate as the procd

king variable-area flowmeters with capillary tubes

floats appear to be susceptible to wear. If a scale reading with the capillary tube eonne
ore than 5 % from the indicated value, the following procedure should be adopted:

he variable-area flowmeter against the capillary tube normally used for an\adjacent vari
wmeter;

readings are high, check the variable-area flowmeter tube and flpat for cleanliness and g
sary;

readings are low, check for restrictions or leaks in the sysfem, for example kinks or lea
tics or rubber tube. Replace tubing if kinks or leaks occut.

vo readings do not agree, or if the faults found in b) or c) cannot be identified, calibratg
b-area flowmeter according to Clause B.2;

lace if necessary.

king calibration of variable-area and electronic flowmeters

ba flowmeters may be calibrated by a soap-bubble meter of which there are several des
hows a diagrammaticxepresentation of a suitable meter.

this annex.

Jure describes the calibration of variable-area flowmeters, using a soap-bubble n
. The method can also be used to calibrate electronic flow-measuring devices, provid
hchment is available.

cted

hble-

lean

KS in

b the

fault

gns.

dure

eter
eda

The princip

le~of the method is that the movement of a soap bubble introduced into an air flow

rom

the flow-measuring device being tested is timed between two marks in a volumeter representing an
accurately known volume and the actual air-flow rate is calculated. This is repeated at other air flow
rates until the whole flowmeter range of the instrument has been covered.

NOTE

This method of calibration gives satisfactory accuracy if the test atmospheric conditions do not deviate

appreciably from 101,3 kPa and 23 °C. For this reason, it is desirable, if possible, to choose a day for calibration
when the meteorological conditions are favourable.

B.2.2 Apparatus and materials

B.2.2.1 Soap-bubble meter, consisting of:

— glass flask or bottle, capacity 1 litre;

10
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volumeter, with graduation marks indicating 100 ml, 250 ml and 1 500 ml; the diffe

2:2013(E)

rent ranges

may be achieved with replaceable volumeters (suitable designs are given in Reference [3] in the

Bibliography);

needle valve;

glass and rubber tubing of as large an internal diameter as practicable to minimize pressure drop.

B.2.2.2 Stop-watch, capable of being read to 0,1 s.

B.2.2.3 Soap solution: 3 % to 5 % liquid detergent in distilled water.

B.2.

B.2.

B.2.

adju

B.2.

dow|

valv
the
apr

area

mea

the K

it to

the fime taken for the bubble to pass from thefirst to the second graduation is longer than 3

Repg
rang

Recd

NOT
erro

B.2.

Calc
that

nece

P.4 Barometer, or other means of ascertaining the actual pressure.

3 Procedure

B.1 Makesurethattheinstrumentislevel onasurface free from variations.Make sure that
stment of the flowmeter has been carried out according to the instructions of the manuf:

nstream end of the rubber or plastic tubing and connect in-its place the soap-bubble m
s to deliver air through the flowmeter to be calibrated and‘then through the soap-bubl
onnection point (3), see Figure B.1. Start the airflow, place the manostat weight corre
essure of 1,47 kPa on the shaft and start it spinning.“Set the valves to deliver through t
flowmeter to be calibrated to the soap bubble metét. Adjust the needle valve to give a g
surable air flow and ensure that the flow rate remains constant. Rapidly squeeze the rul
ottom of the volumeter so that a soap bubblegnters the volumeter tube. Note the time in
move between marks representing a known*volume. The volumeter range should be ch

bat the procedure at about six différent air flow rates distributed over the flowmeter m
e such that all readings are greater than 20 % of the scale range.

rd the atmospheric pressufe:

D At high air flows.the-pressure drop in the system can cause errors in calibration. To mi
s, the length and diameter of the tubing should be the same in calibration as in testing.

1 Calculation

1late the trde air flow, in millilitres per minute, from each measured time and volum
the flowmeter reading is within 5 % of this flow. If not, check the operation of the flow}
ssaryoeonstruct a calibration graph.

B.2 To calibrate a variable-area flow-measuring device, discohnect the test assembLy

theinternal
hcturer.

from the
ter. Set the
ble meter at
sponding to
he variable-
onveniently
bber bulb at
seconds for
bsen so that
S.

pasurement

himize these

b and check
meter and if
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If the actual atmospheric pressure differs by more than 5 % from 101,3 kPa, correct the air flow rates
for pressure according to Equation (1):

_ pxVx60 0,548pV

= = 1
10~ 102,8x¢ t )
where
40 is the flow rate, in millilitres per minute, corrected to 102,8 kPa [normal atmospheric pressure

101,3 kPa) plus nominal operating pressure (1,47 kPa) at 23 ¢C]J;
p p gp

V  is tjrevotune, mmittititres; tinred betweenm graduations oI the volumeteT;
t isthe time, in seconds;

P isthe sum, in kilopascals, of the actual atmospheric pressure plus the nominal gperating pyres-
surfe (1,47 kPa).

B.3 Chegking the calibration of capillary tubes

To calibratg a capillary tube, remove needle valve (1) and connect the tube“in its place. Disconnecf the
measuring head and connect the instrument to the soap-bubble metextas described in B.2.2. Sef the
valves to dgliver through the appropriate variable-area flowmeter. Rapidly squeeze the rubber bullb at
the bottom of the volumeter and time the passage of a soap-bubble.

Calculate tHe air flow as described in B.2.3 and B.2.4.

12 © IS0 2013 - All rights reserved
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Key

1 heedle valve

2 yolumeter

3  fonnection point

4 fubberbulb

5 plass'flask, of capacity 1 litre

Figure B.1 — Soap-bubble meter
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